Purpose This study was conducted to investigate the incidence and survival outcomes of second primary cancers after the diagnosis of cervical cancer.
Introduction
The incidence of cervical cancer has shown a continuous decrease in developed countries, including Korea, however the worldwide burden of cervical cancer remains critical [1] [2] [3] [4] . Most cervical cancer survivors face several challenging issues after completion of their primary treatment [5] ; in particular, second primary cancers have become a critical issue for cervical cancer survivors as treatment outcomes have improved [6] .
A second primary cancer may be related not only to a shared etiology but also to a late effect of treatment [7] . Treatments for cervical cancer have been continuously evolving, leading to improvements in radiotherapy and surgery in terms of instrumentation and minimally invasive surgical approaches. Therefore, updated data on second primary cancers are needed to determine the order of priorities in health care policy and post-treatment surveillance programs. Recent reports on second primary cancers after treatment of cervical cancer have focused on the increased risk of cancer [8] . However, premature ovarian failure due to treatment of cervical cancer and the shared radiotherapy field has not been considered or adequately discussed, as this complication may result in a decreased incidence of hormone-dependent cancers and pelvic tumors within the radiotherapy field. Poorer survival outcomes in women with a second primary cancer after the diagnosis and treatment of cervical cancer has been documented [9] , although additional investigation regarding detailed survival outcomes according to the type of second primary cancer and survival outcomes from the onset of the second primary cancer is needed in order to obtain better clinical information for such patients. Therefore, the objective of this study was to investigate the incidence and survival outcomes of second primary cancers after the diagnosis and treatment of cervical cancer in a recent study cohort.
Materials and Methods
This study was approved by the Institutional Review Board (NCC2014-0054). Data from the Korea Central Cancer Registry from 1993 to 2010 identified 72,805 patients with cervical cancer; patients within 2 months of their cervical cancer diagnosis were excluded. To avoid potential confusion, secondary cervical and vaginal cancer cases within 5 years of the diagnosis of primary cervical cancer were excluded. Standardized incidence ratios (SIRs) and the corresponding 95% confidence intervals (95% CIs) of second primary cancers among women with cervical cancer were analyzed to quantify the relative risk compared to women in the general population. These SIRs were calculated by dividing the observed number of second cancers by the expected number if the patients in the cohort demonstrated cancer rates equivalent to those for individuals in the general population. The number of person-years at risk (PYRs) was defined from 2 months after the date of the cervical cancer diagnosis to the date of death or the end date of this study, whichever occurred first. For each initial cancer site grouping, the PYRs and observed cases of cancer were stratified according to 5-year age groups and calendar year. Cancer incidence rates were computed for each subsite of cancer and according to age and calendar year, and multiplied by the accumulated PYRs to estimate the expected number of subsequent cancers for each stratum. Kaplan-Meier survival curves were calculated for cervical cancer patients with or without a second cancer. Differences between groups were assessed using a log-rank test. All of the statistical tests were two-sided, and the significance was set at an alpha level of 0.05. The "MP-SIR" setting of SEER*Stat 8.1.2 was used for computation of the SIRs and their 95% CIs. Survival curves were generated and log-rank tests were performed in Stata ver. 11 (StataCorp., College Station, TX).
Results
A total of 72,805 women diagnosed with primary invasive cervical cancer were evaluated for a mean follow-up period of 7.34 years ( Table 1 ). The mean age at initial diagnosis with cervical cancer was 51.4 years, and the incidence of cervical cancer diagnosis peaked between the ages of 40 to 59 years (49.8%). Of the 72,805 women with cervical cancer, 2,678 women (3.68%) developed a second primary cancer; 0.16% of the women with cervical cancer developed a third or greater primary cancer (n=119). The mean interval from the initial cervical cancer diagnosis to the second cancer diagnosis was 6.3 years, and the mean age at diagnosis with the second primary cancer was 59.4 years. In women with second primary cancer, average age at diagnosis of cervical cancer was higher and follow-up period was longer with statistical significance (p < 0.05).
As shown in Table 2 , the overall SIR for a second primary cancer was 1.08 (95% CI, 1.04 to 1.12), and 1.15 (95% CI, 1.08 to 1.22) in women aged < 50 years and 1.14 (95% CI, 1.08 to 1.21) in women at < 60 months after diagnosis of the primary cervical cancer. The most frequent sites of second primary cancers that showed significantly higher SIRs for all women were the vagina (9.36), bone and joints (2.70), vulva (2.58), anus (2.42), bladder (2.38), lung and bronchus (2.13), corpus uteri (1.91), and esophagus (1.86).
The risk of a second primary cancer was classified according to age at diagnosis with cervical cancer and follow-up period. The risk of a second primary cancer in the bone and joints (3.87), esophagus (2.61), and soft tissue (2.19) increased significantly after a follow-up period ! 60 months. A leadtime effect was identified for the thyroid, which showed an increase before a follow-up period < 60 months (1.29) and a decrease after a follow-up period ! 60 months (0.88). The risk of a second primary cancer of the vagina (11.6), corpus uteri (3.00), bone and joints (2.76), anus (2.64), bladder (1.84), and lung and bronchus (1.79) increased significantly in women aged ! 50 years.
In contrast, the incidence of a second primary cancer was significantly decreased for breast (0.82), rectum and rectosigmoid junction (0.74), liver (0.64), and brain and central nervous system (0.54) cancers. Diverse patterns of reduction in these second primary cancers were observed depending on the type of cancer. The reduction in breast cancer as a second primary cancer was consistent irrespective of the follow-up period, but only for women aged < 50 years. Specifically, SIR decreased significantly for women aged 40-49 years (0.77) but did not reach statistical significance for women aged 50-59 years (0.82) and 60-69 years (0.85). For rectal cancers and rectosigmoid junction cancers (RSCs), the reduction in incidence was significant only for a follow-up period < 60 months in women aged ! 50 years. The risk of liver cancer as the second primary tumor was decreased for follow-up periods ! 60 months and in women aged ! 50 years. Last, a significant reduction in the incidence of a second primary cancer in the brain and central nervous system was observed in women aged ! 50 years.
The 5-year and 10-year overall survival rates from the onset of cervical cancer (Fig. 1A) were 78.3% and 72.7% in all women with cervical cancer, respectively. Among all women, significantly higher survival was observed in patients aged < 50 years (p < 0.001); the 5-year and 10-year overall survival rates were 86.8% and 84.4% for women aged < 50 years and 78.3% and 61.2% for women aged ! 50 years, respectively. For women with a second primary cancer, the 5-year and 10-year overall survival rates (Fig. 1B) were 83.2% and 65.5%, respectively. In these women, significantly higher survival was observed in patients aged < 50 years (p < 0.001), and the 5-year and 10-year overall survival rates were 88.6% and 76.8% for women aged < 50 years and 83.2% and 57.8% for women aged ! 50 years, respectively. A higher 5-year overall survival rate was observed in patients with a second primary cancer, but the 10-year overall survival rate was lower in patients with a second primary cancer (p < 0.001).
The 10-year survival rate sharply declined after diagnosis with cervical cancer in the second primary cancer group compared to the no second primary cancer group. The overall survival rates were 86.3% and 95.0% at 2 years, 78.1% and 83.2% at 5 years, and 73.1% and 65.5% at 10 years in the no second primary cancer group and the second primary cancer group, respectively (Fig. 2) .
The 5-year and 10-year overall survival rates from the onset of the second primary cancer (Fig. 3A) were 54.9% and 46.7% in patients with a second primary cancer, respectively. Significantly higher survival was observed in women < 50 years (p < 0.001), and the 5-year and 10-year overall survival rates were 71.7% and 67.5% for women aged < 50 years and 54.9% and 39.1% for women aged ! 50 years, respectively. Specifically, the 5-year and 10-year overall survival rates from the onset of the second primary cancer (Fig. 3B ) were as follows: 83.8% and 75.4% for the breast, 56.1% and 53.6% for the rectum, 21% and 21% for the liver, 23.2% and 18.4% for the lung and bronchus, 46.9% and 36.9% for the bladder, and 37.0% and 21.4% for the corpus uteri, respectively.
Discussion
In the current study, the incidence of a second primary cancer after diagnosis and treatment of cervical cancer was increased compared to the general population (SIR, 1.08), Significant at !=0.05. which is consistent with several previous reports [6, [8] [9] [10] [11] [12] [13] [14] [15] . Further studies and strategies on the second primary cancer after cervical cancer should be considered in terms of shared etiology with cervical cancer or as a late effect of treatment for cervical cancer. Well-known contributing factors for cervical cancer include the human papillomavirus (HPV) and smoking. In the current study, HPV-related cancers, including those of the vagina, vulva, or anus, and smoking-related cancers, such as cancers of the lung and bronchus, bladder, or esophagus cancer were increased. This finding was consistent with previous study results and has been well investigated [6, [8] [9] [10] [11] [12] [13] [14] [15] . Late effects of radiotherapy for second primary tumors have recently been reported [7, 8] . Radiotherapy increased the risk of middle-and lower-portion stomach cancer (odds ratio, 4.20) after a dose ! 5 Gy for cervical cancer, according to a study performed in five Western countries [7] . With any radiotherapy for cervical cancer, the risk of stomach cancer increases (SIR, 1.31) according to a collaborative study between Europe and the United States [8] . However, in the current study, the overall risk of stomach cancer after treatment for cervical cancer was not different from the risk in healthy Korean women. This finding may be explained by racial differences and the significantly higher incidence of stomach cancer in Korea (fifth ranked cancer; estimated new cases in 2013, 10,623; and age-standardized cancer incidence, 42.1/100,000) compared to the United States (the estimated number of new cases in women in 2013 was 8,370), especially considering that Korea has 1/6 the population of the United Staes [1, 2] .
In the current study, four cancers showed decreased incidence after the diagnosis and treatment of cervical cancer, including breast, rectum, liver, and brain cancers. First, the incidence of breast cancer was significantly decreased after the diagnosis and treatment of cervical cancer (SIR, 0.82; 95% CI, 0.73 to 0.92). In the case of surgical treatment for cervical cancer, oophorectomy may be incorporated with radical hysterectomy, and ovarian function has been shown to fail early after hysterectomy, even with ovarian preservation [16] . In the case of radiotherapy for locally advanced cervical cancer, the ovaries are ablated because they share the radiotherapy field with the pelvic lymph nodes [17] . After primary treatment for cervical cancer, irrespective of the treatment type, ovarian function deteriorates [16, 17] . Therefore, the observed decrease in the incidence of breast cancer as a second primary cancer can likely be explained by decreased ovarian cancer related to cervical cancer treatment. In particular, this reduction was limited to premenopausal women (aged < 50 years) considering the median age of menopause in Korean women but was independent of the follow-up period [18] . Deteriorated ovarian function with cervical cancer treatment results in a trend of decreasing breast cancer Table 2 . Significantly increased or decreased risk.
but this does not reach statistical significance. The second type of second primary cancer found to show a decreased incidence was rectal cancer and RSC. RSC decreased significantly until 5 years after the diagnosis and treatment of the initial cervical cancer (SIR, 0.66; 95% CI, 0.48 to 0.89), whereas at 5 years after the diagnosis and treatment of cervical cancer, the preventive effect for RSC was no longer identified (SIR, 0.80; 95% CI, 0.63 to 1.01). This finding may be explained by the shared radiotherapy field that may cause ablation of microscopic or early rectal cancer [19] . The rectosigmoid mucosa is known to be affected by radiotherapy [19] . In contrast, the risk of rectal cancer showed a significant increase (SIR, 1.90) after radiotherapy for cervical cancer in women from Europe and the United States [8] . This result might have been caused by the following issues. First, the follow-up period after the diagnosis of cervical cancer was not considered in that study [8] , and the SIR might vary during different periods. Second, treatment outcomes after radiotherapy for RSC greatly differ according to racial and ethnic disparities among whites, Hispanics, and Asians [20] . Third, existence of racial disparities in terms of survival outcomes for cervical cancer have been suggested, according to the Surveillance, Epidemiology, and End Results (SEER) Program data in the United States [21] . Therefore, these differences may affect the pattern of second primary cancers in cancer survivors because a second primary cancer can only be identified in cancer survivors.
The third cancer found to have a decreased incidence was liver cancer (SIR, 0.64; 95% CI, 0.51 to 0.80), and this decreasing effect was observed ! 60 months after diagnosis with cervical cancer. It is difficult to intuitively explain the decreased incidence of liver cancer after the diagnosis and treatment of cervical cancer considering the nature of the treatment for cervical cancer and the etiology of liver cancer. causes of liver cancer include hepatitis, alcoholism, and aflatoxin [22] . Considering the etiology of liver cancer, a certain percentage of liver cancers may be avoided and prevented with the modification of health behaviors, and cancer survivors generally adopt good health behaviors [23] . Therefore, the decreased incidence of liver cancer, especially ! 60 months after the diagnosis of cervical cancer, could be explained by the improved health behaviors in survivors after the diagnosis and treatment of cervical cancer. The fourth type of second primary cancer that showed a decreased incidence was cancer of the brain and central nervous system (SIR, 0.54; 95% CI, 0.28 to 0.94). The entire expected and observed incidence was less than 25, with an SIR of 0.54 (12/22.28) . Considering that a significant portion of brain tumors are diagnosed based on imaging studies only, some portion of brain tumors might be classified as brain metastasis in women with a history of cervical cancer. Therefore, this finding should be confirmed in a larger population study.
Poor survival outcomes for second primary cancers have been well investigated [9] , and the current study sought to investigate these survival outcomes from a new perspective. First, we found that the survival outcome was poorer among cervical cancer patients with a second primary cancer compared to cervical cancer patients without a second primary cancer, but only after 10 years or more since the diagnosis of cervical cancer. This delay may be explained by the fact that women with early mortality due to cervical cancer do not have a chance to develop a second primary tumor. Second, our study was the first to analyze survival outcomes after the diagnosis of second primary cancer, and detailed survival outcomes after the diagnosis of a second primary cancer were described according to the type of second primary cancer. This information will likely be helpful for discussions with patients about survival outcomes and surveillance.
The main weakness of the current study was the limited Fig. 2 . Survival outcomes from the onset of cervical cancer according to age at cervical cancer onset (age < 50 years vs. age ! 50 years) in all women with only cervical cancer or in women with a second primary cancer.
information on the type of cervical cancer treatment and staging information, which were similar to the disadvantages reported in previous studies [6, [8] [9] [10] [11] [12] [13] [14] [15] . Another limitation is surveillance bias, which is caused by an effort to detect second cancers in patients with primary cancer. That is, survival (78.3%) and follow-up (7.28 years) of patients initially diagnosed with one primary cancer would be considerably shorter because they could have a more distant stage than patients diagnosed with second primary cancers (survival, 83.2%; follow-up, 9.07 years).
Conclusion
The incidence of a second primary cancer increased after the diagnosis and treatment of cervical cancer, with an SIR of 1.08 (95% CI, 1.04 to 1.12). Among 72,805 women with cervical cancer, 2,678 (3.68%) developed a second primary cancer. HPV-, smoking-, and treatment-related cancers were frequently identified in the vagina, bone and joints, vulva, anus, bladder, lung and bronchus, corpus uteri, and esophagus. In contrast, the incidence rates of four types of second primary cancers (breast, rectum and rectosigmoid junction, liver, and brain and central nervous system) were significantly decreased. These results suggest the need for conduct of further studies and continued cancer surveillance among cervical cancer survivors. For women with cervical cancer, the 10-year overall survival was poorer in cases with a second primary cancer. Fig. 3 . Survival outcomes from the onset of the second primary cancer according to age at cervical cancer onset (age < 50 years vs. age ! 50 years) in women with second primary cancers (A) and at identified second primary cancer in the breast, rectum, liver, lung and bronchus, bladder, and corpus uteri (B).
